INTRODUCTION
Reinforced Concrete Chimneys (RC) are widely used in various industries. The height of the chimney affects the ability to transfer the flue gas to the outside environment through the stack effect. Chimneys are regarded as geometrically simpler structures and are considered when experiencing seismic terrain movement to achieve the same purpose among other options. Chimneys have been damaged or collapsed due to earthquake movements around the world. The collapse of the RC chimney at the Izmit Tupras refinery in 1999 due to the Kocaeli earthquake can be cited as an example of major financial losses and business interruptions. Structural vibration control is achieved by adding structures with passive or active control systems such as viscous dampers, viscoelastic dampers, tuned mass dampers (TMD), friction dampers, shorted piezoelectric ceramic dampers and magnetic dampers. However, the passive approach of energy dissipation and structural vibration control is widely used in structural systems compared to active or hybrid manual control methods for simplicity of design, operation and maintenance. TMD is a device consisting of mass, spring, and dashpot attached to a structure to attenuate the dynamic response of the structure. Since the frequency of the damper is adjusted to a specific structural frequency, when the frequency is excited, the damper disperses the input energy due to the damper inertia acting on the structure, so that the structural motion and the phase difference resonate. The parameters that affect the response of the main system are the damping and tuning frequency ratios of the TMD system. When these parameters reach their optimal values, the maximum reduction in the number of responses is achieved. Many researchers have been attracted to the use of multiple TMDs (MTMDs) compared to a single TMD (STMD) and have improved MTMD performance. However, the issue of placing a huge mass on top of the structure was still a problem. The latest smart solution made for MTMDs to distribute them along with the height of the structures (MTMDs). The MTMDs are used for vibration control of the different type of structures under different loading conditions.
A. Previous Research on TMD Devices
By the date TMD has been studied by many researchers. The idea of TMD was first used by Frahm in 1909 to reduce not only the hull vibration but also the wavy motion of the ship. Later Hartog developed a vibration analysis model that controlled the force of TMD in 1940. Later we optimized the TMD parameters for sinusoidal stimulation. Fahim et al. (1997) considered other parameters, such as mass ratio, frequency ratio, and damping ratio, to obtain the optimal parameters used to calculate responses of various degrees of freedom and multiple degrees of freedom structures to TMDs in the event of different seismic events. The optimal parameters obtained help to significantly reduce the displacement and acceleration response. Den Hartog clarified the working principle of the device in his monograph [4] and controlled the displacement of the unbalanced single degree of freedom system by providing a simple formula to obtain the optimal tuning and attenuation parameters of the harmonic mass damper power. Kwok and Samali [6] , Pinkaew et al. They have proven effective use of TMD to control the response to vibrations of structures subjected to earthquakes and wind. Recently, Brownjohn et al. [1] demonstrated the effectiveness of a tuned mass damper (TMD) to control the response of old chimneys. To improve chimney damping, TMD was installed in an 183-meter chimney. The effective use of tuned mass damper formulas developed for a single degree of freedom system with multiple degrees of freedom has been well documented by several researchers, Example: Reference [02-03]. In these applications, multidimensional free systems are represented by an equivalent single degree of freedom system. This equivalent representation can be successfully used when the response of a multi-degree-offreedom system is governed by a single mode, typically the default mode. Later, Longarini and Zucca [8] reported that TMD improves the seismic response of chimneys in terms of compression and tensile stresses, primary shear and higher displacements. Tuned mass dampers (TMDs) tuned in manual control of vibration response are popular and widely used structural response controls. Chen and Wu (2004) experimentally studied to reduce the seismic response of a three-story building structure using several tuned mass dampers. They have identified various dynamic characteristics of structures and dampers from free and forced vibration analysis. The structure was analyzed numerically with or without a damper and tested on a vibration table below the white noise. Saidi et al. (2007) developed a tuned mass damper using viscoelastic materials and concluded that TMD is effective when tuning to natural frequencies in narrow bands. It also describes the process for estimating viscous damping of a damper composed of viscoelastic materials. For a given floor mass, damping and stiffness, the damper can be an economical and simple solution for flooring with excessive vibration. It has been verified that multiple control mass dampers (MTMDs) are more effective than dynamic mass dampers (STMDs) in dynamic control of the structural response. Moon [09] showed that a multi-modal mass damper (MTMD) distributed vertically along the entire structure improved the efficiency of the skyscraper response control. Recently, Xiang and Nishitani [16] reported that MTMD is effective for multi-mode control of low-rise buildings that are widely spaced according to seismic excitement. Elias and Matsagar studied the efficiency of a distributed tuned mass damper (d-TMD) to control vibrations through wind in a 76-story baseline building [05,06]. However, very limited research has been conducted on the control response to chimney seismicity, in which the location and regulation of the MTMD is performed according to the modal characteristics of the chimney.
B. Objective of the present study
The purpose of this study is to investigate the effective placement and coordination of TMD depending on the type and shape of the chimney. In this approach, the TMD is placed in the fundamental mode geometry of the chimney and the TMD is tuned to that mode frequency. The MTMD is therefore arranged to suppress the response of the first selected mode of the chimney. To analyze the efficiency of vertically dispersed MTMD with chimney height, compare it to the existing TMD installed at the top of the height chimney. To demonstrate the efficiency of the MTMD deployed according to the mode form, we evaluate the seismic response obtained using:
(i) Single TMD placed at a 5th node; (ii) Multiple tuned mass damper placed at different nodes Also, a detailed parametric study is carried out to identify the parameters that affect the response control subject to The 1940 El Centro for a geometrically regular chimney.
II. THEORY AND MODELING
The chimney is modeled as a set of beam elements whose vibration degrees of freedom are considered to be dynamic. The theoretical development is based on the assumption that the size of the cross-section in the element, that is, the element of the prismatic beam, remains intact. The additional hypotheses formulated for the analytical formula are as follows.
(i) The chimney is considered to remain within the elastic limit under the excitation of the earthquake in uninterrupted conditions
(ii)The system is subject to a single horizontal (unidirectional) component of the movement of earthquake earth; and (iii) The effects of soil-structure interaction (SSI) are not taken into account.
A. Mathematical modeling of the chimney-
The 100 m high reinforced concrete chimney is considered in this study applied to earthquake motion (El Centro, 1940 N-S component). The chimney is divided into five beam elements and the length (li) of each beam element is 20m each. The chimney has five degrees of freedom and only the first three modal responses are controlled because 90% of the seismic mass participates in the first three modes. The outer diameter (D) and the thickness (t) according to the height of the chimney are shown in Table 1 . The modulus of elasticity (Ec) of the concrete is assumed to be 2.5 x 10 10 N / m 2 , density of the concrete is considered 2400 kg/m 3 . The damping matrix is not explicitly known; hence, it is defined with the help of the Rayleigh's approach using damping ratio (ξ=5%) in all modes of vibration. Fig. 1,2 shows the model of the chimney, mode shapes of the chimney considered in the study. The governing equations of motion for the chimney installed with the STMD at the top and installed with the MTMDs are obtained by considering the equilibrium of forces at the location of each degree of freedom as follows.
(1)
Where , , and are the mass, damping, and stiffness matrices of the chimney, respectively of order (N + n) x (N + n). Here, N indicates degrees of freedom (DOF) for the chimney and n indicates DOF for the STMD, STMD2. Further, T are the unknown relative nodal displacement, velocity, and acceleration vectors, respectively. The earthquake ground acceleration is represented by and is the vector of influence coefficients. The modal frequency and mode geometry of the chimney without TMD is determined by solving the eigenvalue problem. The TMD is placed in a position where the amplitude of the first mode shape of the chimney is larger and is adjusted to its modal frequency. If one TMD is not placed in one position, ( ) and damping ( ) parameters of the TMDs (i = 1. . .n) are calculated based on the modal frequencies. For the TMDs, the mass matrix is of order (N + n) x (N + n) as follows.
(2)
Where shows the mass matrix for the chimney and indicates the mass matrix of the TMDs. In Eq. (2), for obtaining mass matrix corresponding to the STMD n = 1 is considered. The condensed stiffness matrix is corresponding to the sway degrees of freedom taken as the dynamic DOF. The damping matrix is not explicitly known but is obtained with the help of the Rayleigh's approach using the same damping ratio in all nodes. The stiffness matrix, and damping matrix, are expressed corresponding to the degrees of freedom associated with the TMDs. For the chimney installed with the STMD or MTMDs, stiffness and damping of the TMDs are inputs in the generic stiffness matrix and damping matrix as follows.
The coupled differential equations of motion (Eq. (1)) for the chimney installed with TMD(s) are thus derived and solved using Newmark's integration method.
B. Designing and placement of STMD/MTMDs -
Based on modal mass participation of 90% or more as a deciding criterion, first three modal responses are controlled using the TMDs. The effectiveness of the TMD installed on a chimney depends on mass ratio, where is the total mass of the TMDs, Mt is mass of the chimney. Frequency ratio f is defined as the ratio of the fundamental frequency of the damper to the natural frequency of a SDOF system where frequency of damper, is the frequency of chimney. The TMD damping ratio ξd defined as
The stiffness ( ) is used for adjusting the frequency of each TMD unit such that, Damper placement is the most important consideration in controlling the dynamic response of chimneys due to seismic vibrations. Generally, the STMD is located at the top of the chimney which experiences a large displacement in the first mode of vibration. For MTMD, a modal analysis is performed to find the mode shape and modal frequency of the chimney. The TMD of the multi-mode control strategy is placed where the amplitude of the first mode shape is larger, and each TMD is tuned to the corresponding mode frequency. Figure 3 shows the placement of the MTMD along with the height of the chimney in the uncontrolled normalized mode, as shown in Figure 2 and demonstrates the seismic analysis and design of the structure to be built in a specific location. However, it is not possible to have such records at each and every location. Further, the seismic analysis of structures cannot be carried out simply based on the peak value of the ground acceleration as the response of the structure depend upon the frequency content of ground motion and its dynamic properties. To overcome the above difficulties, the earthquake response spectrum is the most popular tool in the seismic analysis of structures. There are computational advantages in using the response spectrum method of seismic analysis for prediction of displacements and member forces in each mode of vibration using smooth design spectra that are the average of several earthquake motions. To calculate the value of response of MDOF system with single-support earthquake excitation solution is obtained by State Space Method. Earthquake ground motion considered is 'El Centro, 1940 (N-S component)'. Usually, the response of a SDOF system is determined by time domain or frequency domain analysis, and for a given time of the system, the maximum response is picked. This process is continued for all range of possible periods of SDOF system. By using the state-space method we can calculate the maximum displacement at each node, maximum absolute displacement at each node, maximum absolute acceleration, RMS displacement, and RMS absolute acceleration. The equation of motion can then be converted to a state-space equation as follows:
By transforming the equation of motion to the state space equation, the second-order-order differential equation is transformed into the first-order one. In this case, the transfer function is given by H
Where is the 2 × (n + 1)-dimensional output matrix; I is the identity matrix and ω is the circular frequency argument. In this study for calculating the maximum displacement at each node, maximum absolute displacement at each node, maximum absolute acceleration, RMS displacement, and RMS absolute acceleration is calculated by using State-Space Method for this chimney shown in fig (1) But the main effect to the chimney is due to maximum deflection so in this study maximum displacement results are considered Chart.1: Maximum Displacement of Chimney Chart.2: Displacement of the 5th node of the chimney After using the Newmark β method for 5% damping, using 0.08 sec. the critical time is considered and used it for 200 sec.
Chart.3: Displacement of the 5
So to reduce the deflection of the 5 th node by considering the first mode of vibration and different percentage of TMD is used which is nothing but a single tuned mass damper. After using the different percentage of tuned mass damper Maximum deflection of the 5th node is observed using the Newmark method for the first modal frequency only. Comparison of percentage damping is carried out using the result obtained by using state-space method TMD is more effective than other dampers. So for further study of multiple tuned mass dampers, the 1.5% TMD is investigated. The position of multiple tuned mass dampers is given in the table below. The chimney is investigated by using two TMD at a time and its maximum displacement at each node, maximum absolute displacement at each node, maximum absolute acceleration, RMS displacement and RMS absolute acceleration for each node but all the calculations are observed for fundamental frequency only. 
IV. CONCLUSION
Multi-mode seismic response control of the regular chimney installed with tuned mass dampers (TMDs) is presented.
Comparison of the responses is made for the chimney installed with single-TMD (STMD) controlling the first mode, and systematically MTMDs along with the height of the chimney under the El Centro, 1940 (N-S component)' earthquake excitations. The following conclusions are drawn from the results of the numerical study: 1. In general, the displacement and acceleration responses at the topmost node of the RC chimney are reduced when the STMD, MTMDs are installed. 2. Displacement of the fifth node is reduced as the percentage of damping increases but the displacement of other node increases with an increase in damping ratio 3. Node 5 is in vibration even after 200 seconds for the regular chimney vibration of the fifth node are eliminated by using STMD only. As the percentage of damping increases the time required to minimize the vibration at the fifth node reduces. 4. The effectiveness of installing the TMDs depends on the nature of the excitation. Maximum reduction of about 33% in the peak displacement at the topmost node of the RC chimney is achieved for the MTMD placed at 5 th and 4 th node under the El Centro, 1940 (N-S component) earthquake excitations. 5. As seen from their lesser normalized stroke, the positioning of the TMDs along the height of the chimney has a significant effect on its seismic response. Thus, tuning the TMD with the fundamental frequency, while placing it at the lower node may not be effective in seismic response control. 6. The reduction in the displacement is improved under earthquakes by increasing the mass ratio of the TMDs and the suitable mass ratio of 1.5% is recommended for improved vibration response control. The damping energy in case of the MTMDs is always much greater than the uncontrolled case; thereby, the effectiveness of the multi-mode control strategy using the MTMDs in enhancing damping energy in the system is confirmed.
V.
